1. An overview of health worker infections of COVID-19 in China {#sec1}
===============================================================

COVID-19, which was first discovered in Wuhan, Hubei Province, China, has now led to a severe worldwide public health emergency. By 19 May 2020, the outbreak of COVID-19 had caused 84,500 confirmed cases in China, including 4,645 deaths \[[@bib1]\]. At the same time, a large number of health workers were infected. As of 11 February 2020, a total of 3,019 health workers had been infected with SARS-CoV-2, accompanied by 1,716 confirmed cases, of which 6 died \[[@bib2]\]. Most of the hospitals with severe medical infections were located in densely populated areas, and most of them were in non-infectious departments.

At present, there are no specific antiviral drugs or vaccines for use in humans against the SARS-CoV-2 infection. Therefore, the aim is instead to control the source of infection, to cut off routes of transmission and to do our best to treat the patients. Health workers are a valuable resource and an important part of the war against COVID-19. In the following, we will analyse the causes of Chinese health worker infections in order to provide learning points for other countries. The entire process of the Chinese fight against the COVID-19 epidemic can be roughly divided into three stages:

1.1. The first stage: From December 2019 to 20 January 2020 {#sec1.1}
-----------------------------------------------------------

At this stage, the public had no information or knowledge of the nature, virulence, lethality and infectivity of the new virus, and very few paid attention to it. Due to a lack of awareness and an inaccessibility of information, frontline health workers in non-fever departments did not take any protective measures, which led to a greatly increased risk of medical infection. A large portion of health worker infections occurred through contact between health workers and asymptomatic patients or mildly symptomatic patients of COVID-19 during the early phase of the outbreak. Many infected medical personnel were located in departments that are considered low-risk, such as ophthalmology, neurology and gastroenterology and so on. This was due to insufficient cognition, inadequate protection and inaccessible information \[[@bib3]\]. There was an anaesthesiologist infected by an orthopaedic patient who was in the incubation period in the authors' hospital on 19 January 2020. The encounters of these Chinese health workers should warn health workers all over the world; COVID-19 is more contagious than severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS), whether symptomatic or asymptomatic/latent \[[@bib4],[@bib5]\]. Differing from SARS, the viral load of asymptomatic and latent COVID-19 patients is high and comparable to that of symptomatic patients \[[@bib6]\]. Some asymptomatic patients, mildly infectious and latent patients became very important sources of infection during this period of time \[[@bib7],[@bib8]\].

1.2. The second stage: From 20 January 2020 to 13 February 2020 {#sec1.2}
---------------------------------------------------------------

On 20 January 2020, Dr Zhong Nan-Shan, a renowned respiratory expert and the head of a high-level expert team in the National Health Commission (NHC), confirmed the interpersonal transmission of SARS-CoV-2 and called on people to wear masks and avoid population movement \[[@bib9]\]. However, many people in Wuhan had not yet realised the severity of the outbreak and were continued to hold all kinds of gatherings. The situation was worsening, and along with a dramatic increase in cases of COVID-19, the number of health worker infections had also increased significantly. Due to the poor control of the epidemic in the early stage and a severely insufficient of the supply of nucleic acid test kits, patients were not detected in a timely manner. All of the wards in the hospital became intensive care units, accompanied with inadequate rescue ventilators, monitors and other instruments and equipment, as well as professional doctors and nurses. This overwhelmed the healthcare system and resulted in a serious run-up of medical resources. Cross infections occurred between COVID-19 patients and ordinary patients or normal people. Many health workers were unable to achieve comprehensive protection, and even needed downgraded protection. At this stage, health workers suffered from multiple infections due to a lack of personal protective equipment (PPE) and medical apparatus, inadequate or even degraded protection and an overload of work.

1.3. The third stage: From 13 February 2020 to present {#sec1.3}
------------------------------------------------------

More than 40,000 healthcare workers were dispatched from all over China to Hubei Province and two hospitals were temporarily established in 10 days for the treatment severely ill patients \[[@bib10]\]. Meanwhile, medical supplies from all over the world had also arrived. Medical device manufacturers in China had cancelled annual leave and resumed production. This alleviated the emergency situation with regard to medical supplies, and following this, the government constructed 16 Fang Cang makeshift hospitals with a capacity of more than 13,000 beds \[[@bib10],[@bib11]\]. During this period, the "four categories of people" included were confirmed cases, suspected cases, fever patients and close contacts, all of which had been screened, treated and isolated in different places according to infection control principles. The implementation of these series of measures slowed down the spread of the pandemic and achieved a phased victory. Now, all COVID-19 patients have been cured, lockdown has been lifted in Wuhan, normal work and production order are gradually recovering.

At this stage, very few of health workers suffered from infection due to an emphasis on physical isolation and a neglect on behavioural isolation.

2. An overview of the COVID-19 pandemic worldwide {#sec2}
=================================================

The outbreak has occurred in more than 200 other countries, areas or territories. As of 9:56 am CEST on 19 May 2020, there have been 4,696,849 confirmed cases of COVID-19, including 315,131 deaths globally, with total numbers of confirmed cases as follows: 1,477,516 in the United States of America, 231,350 in Spain, 225,435 in Italy, 174,697 in Germany, 140,036 in France and 243,699 in The United Kingdom \[[@bib1]\]. The total number of deaths was 89,272 in the United States of America and 31,908 deaths in Italy \[[@bib1]\]. International Council of Nurses announced that there were at least 90,000 confirmed health workers cases globally, 260 of which died by 6 May 2020 \[[@bib12]\]. As of 13 May 2020, at least 11,369 health workers had been infected, 17 of which died in Germany and 25,446 health workers had been infected in Italy \[[@bib13],[@bib14]\]. A total of 38,064 health workers had been infected with SARS-CoV-2 in Spain as of 11 May 2020 \[[@bib15]\]. According to updated data from the Centre for Disease Control and Prevention on 14 April 2020, there were at least 9,282 health workers who had been identified as having COVID-19 from 12 February to 9 April 2020 in the United States, 27 of which died \[[@bib16]\]. According to incomplete statistics, Italy had the largest number of doctors from among the European countries, at 141 per 100,000 people, and Germany had the largest number of hospital beds in Europe, at 800 per 100,000 people. Alternatively, in Wuhan, there were 287 doctors per 100,000 people and 703 hospital beds per 100,000 \[[@bib17],[@bib18]\]. Without the assistance of medical workers from other cities and provinces in China, the healthcare system in Wuhan would have collapsed during the peak of the epidemic. Health workers in America have also encountered a shortage of protective equipment \[[@bib19]\], and they and those in other countries are going through the same experiences as China, and therefore there are some lessons to share with health workers all over the world.

3. Future directions of health worker protection {#sec3}
================================================

3.1. Double triage, double buffer, double mode and double insurance {#sec3.1}
-------------------------------------------------------------------

Hospitals should be divided into two categories, one for patients with COVID-19 and others for non-COVID-19 patients, also named ordinary patients. The management of elective surgery processes should be as follows: all patients should attend a designated place for SARS-CoV-2 testing (CT, SARS-CoV-2 antibody and nucleic acid test) before admission. If the test result returns as positive, the patient will need be treated at a designated hospital for COVID-19. Whereas, if the result is negative, an appointment should be made at an ordinary hospital for treatment. Upon admission to a general hospital, there should be strict buffering and isolation measures: the patient must first stay in a single room on a first-level buffer ward, after completing a second antibody and nucleic acid test for SARS-CoV-2 screening, they should be transferred to a secondary buffer ward, without symptoms. Surgery could be performed on patients who are asymptomatic for 7 days after admission and who had received two negative nucleic acid and antibody tests for SARS-CoV-2, with no exposure to the environment outside of the hospital, according to standard protection procedures.

Emergency surgery management processes should be strictly performed following [Fig. 1](#fig1){ref-type="fig"} . This principle of triage can effectively reduce cross-infection between patients, along with nosocomial infections between patients and health workers.Fig. 1Emergency surgery management process in our hospital \[note: tests (−) include sputum and nasopharyngeal swabs and other respiratory tract specimens tested negative in two consecutive nucleic acid tests and blood SARS-CoV-2 antibody tested negative in two antibody tests, with the sampling time at least 24 h apart, it means normal chest computed tomography simultaneously; Symptoms include fever (body temperature≥37.3 °C) and other respiratory symptoms; The operating rooms on the second floor are also clean operating rooms. As a contrast, laminar flow was turned off and an independent disinfection system such as ozone disinfection machine and ultraviolet air disinfection machine was used to disinfect the air and object surface during the COVID-19 epidemic\].Fig. 1

Standard precautions include hand and respiration hygiene, the use of appropriate PPE according to a risk assessment, injection safety practices, safe waste management, proper linens, environmental cleaning and the sterilisation of patient-care equipment \[[@bib20]\]. All health workers must receive training online before commencing their posts. Mutual help and supervision help to reduce infections.

WHO recommends that patients with respiratory symptoms wear masks, and for those patients without respiratory symptoms, no PPE is required \[[@bib21]\]. In my opinion, this is only suitable in an ideal state. First of all, the patient must be identified quickly, when in fact, the detection capabilities of different countries are inconsistent. Many countries may not receive timely and effective testing, and moreover, there is the potential for interpersonal transmission during the incubation period \[[@bib5]\]. This period of time could cause unconscious large-scale spread. Secondly, this relies on all patients being willing to wear masks, when wearing a mask effectively informs everyone that he/she is a patient, and some patients may be unwilling to wear a mask based on this. If they are not effectively isolated, these people would also become a huge source of infection, and cross-infection would happen between a patient and a normal person. Therefore, everyone should wear a mask to protect themselves and others.

Also, health workers should wear PPE. All health workers should carry out different levels of PPE if the risk level of the city where they are located has not been reduced to a low-risk level ([Table 1](#tbl1){ref-type="table"} ).Table 1Classification of protection principles to health workers (note: +Means necessary, −Means unnecessary, ±Means according to work needs, ±\*Means alternative during Level 2).Table 1Protection levelGeneral protectionLevel 1Level 2Level 3Non-fever clinic & non-infectious wardFever clinic & infectious wardGeneral diagnostic action to confirmed and suspected casesAerosol operation to confirmed cases and suspected casesPPEsurgical mask++----Medical protective mask----++protective goggles/headshield----±+scrubs++++disposable latex gloves±+++Work cloths++++isolation gown--+±\*--Medical protective gown----±\*+surgical cap--+++disposable shoe covers----++

3.2. Improve the awareness of self-protection and minimise contact with patients {#sec3.2}
--------------------------------------------------------------------------------

Secondly, all health workers must strengthen the awareness of self-protection. According to the WHO, everybody needs to undertake regular hand hygiene but only the patient should wear a mask \[[@bib21]\]. Controversially, some researchers found that universal masking in the community may mitigate the extent of transmission of SARS-CoV-2 and may be a necessary adjunctive public health measure in a densely populated city like Hong Kong Special Administrative Region (HKSAR) \[[@bib22]\]. Masking is a continuous form of protection to stop the spreading of saliva and respiratory droplets to others or from others, and to the environment or from the environment to the susceptible by hands through touching of nose, mouth and eye. Therefore, it should be necessary for surgical masks to be worn at least in all medical staff. At the same time, we should not emphasize physical isolation and neglect behavioural isolation. Hand hygiene is a pivotal self-protection measure. According to the WHO, SARS-CoV-2 is transmitted between people through close contact and droplets, not by airborne transmission \[[@bib21]\]. Therefore, minimising contact with patients or suspected patients, maintaining distance and performing regular hand hygiene may be more effective than PPE in isolation. As such, we should try our best to complete works by telephone, video conference, WeChat and other applications. For example, we have opened online consultations, contactless medication and electronic medical records and prescriptions, including wireless remote monitoring of analgesia systems for postoperative analgesia management, etc. In addition to electronic and paperless technologies, artificial intelligence technology should be more fully utilized. On the one hand, it can reduce the contact between health workers and patients. On the other hand, it can decrease the heavy workload of health workers, thereby better protecting health workers. At the same time, society must be prepared to fight the virus for a long time, and even if a hospital location has been reduced to a low-risk area, doctors should still perform hand hygiene regularly and wear masks, as well as be prepared to co-exist with the virus.

3.3. Ensure adequate medical supplies {#sec3.3}
-------------------------------------

Thirdly, ensure adequate medical supplies, including PPE and medical apparatus. Similar to the flight attendants, medical personnel must protect themselves before they can protect others. In the early phase of the virus there was an insufficient awareness and inadequate medical supplies that led to too many health workers becoming infected with SARS-CoV-2. Although the WHO recommended rational use PPE, Zhong\'s study found that one (2.7%) of 37 anaesthetists who wore Level 3 PPE developed PCR-confirmed COVID-19 as compared with 4/7 (57.1%) anaesthetists who had Level 1 protection in the operating theatre. The study suggests that using Level 3 PPE is more likely to reduce the risk of anaesthetic staff acquiring COVID-19, even from patients with mild symptoms \[[@bib23]\]. We know that PPE is still in short supply, and with the progress of the epidemic, there may be further shortages. With the gradual control of the epidemic, some countries may reduce the amount of PPE to medical personnel due considerations regarding medical costs. All of this will put medical personnel into situations where they are exposed to SARS-CoV-2, which is not a responsible or humane action. In order to ensure the safety of health workers and patients, hospitals and governments must fully coordinate and make an effort to prevent health worker infections with COVID-19.

3.4. Pay attention to asymptomatic infections {#sec3.4}
---------------------------------------------

What we have to be aware of is that some infected people "can be highly contagious when they are asymptomatic or mild cases combined represent about 40--50% of all infections" \[[@bib24], [@bib25], [@bib26]\]. In non-infectious departments, it is important to be extremely vigilant in terms of infection prevention and control strategies. Protective measures need to be strengthened for medical personnel in non-infectious departments. For countries and regions with severe epidemics, if conditions permit, universal testing should be carried out as soon as possible, and patients admitted to hospital should undergo strict screening and early diversion and isolation. In my opinion, all protection levels should be increased by one level according to the classification of protection principles to health workers, because of the existence of asymptomatic and latent patients.

4. Conclusions {#sec4}
==============

In actuality, each country must formulate its own infection prevention and control strategies according to its own national conditions. The experience of the Chinese may not be suitable to the situation in other countries, but the most essential things we need keep working on are: First of all, the state or region should establish a national emergency centre for major public safety emergencies with provinces, cities or states as the unit, which is used in normal time ready for the epidemic outbreak. Furthermore, the timely and accurate disclosure of epidemic information from various countries, centre for disease control (CDC) and health departments are critical to contain the epidemic and protect health workers. Last but not least, sufficient storage of PPE is necessary, meanwhile the introduction of electronic and paperless operations in medical system is imperative. Finally, medical staff should improve their awareness of protection and be proficient in infection control related knowledge.
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